Risk perception has a significant impact on decisions people make when facing a threat: a mismatch between actual hazard and perceived risk can lead to inappropriate behaviours and suboptimal compliance to recommended public health measures. The present study was conducted in the aftermath of a tuberculosis (TB) outbreak that occurred in 2019 in a primary school in Italy. The aim was to evaluate the impact of communication measures implemented by local health authorities (including face-to-face meetings between LHAs and the local population, weekly press announcements, implementation of a telephone hotline and of an information desk, and social media communication), on risk perception among parents of schoolchildren and school staff, and to identify factors related to a change in risk perception before and after the said activities. An anonymous questionnaire was administered to parents of schoolchildren (n = 846) and to school staff (n = 70). Participants were asked about the level of risk they had perceived at two distinct times: when they first became aware of the outbreak and following implementation of communication activities. A significant reduction of perceived risk was found in both groups (p < 0.001) following the communication activities. The largest reduction was found among participants who reported having appreciated the meetings with the LHA healthcare staff. Our findings suggest that keeping an open approach, explaining the actual threat to the population and adapting communication to different listening skills, are essential for health authorities to successfully manage a public health emergency.
Introduction
Risk communication represents an integral component of an effective outbreak response. The actual implications of a public health threat may not be immediately understood by the population and when an individual's risk perception of a threat does not match the actual hazard posed by the threat, personal choices and actions taken may not be completely effective and compliance to recommended public health measures may be inadequate. In the case of an infectious disease outbreak, effective communication with the population can improve adherence to recommended public health measures, and improve efficiency in a situation where human resources are called upon to make extraordinary efforts [1] .
In critical situations, people take in information, process it, and act on it in a different way than they would normally. Previous research has shown that the perception of risk has a significant impact on the actions that people take when facing a threat [2] [3] [4] . The Centers for Disease Control and Prevention (CDC) field epidemiology manual highlights how persons perceive risks differently, depending on how likely they think the actual hazard will affect them personally, and their beliefs about how severe the harm might be. According to the CDC, persons accept risks more easily or feel less outrage when the risk is voluntary, under their control, has clear benefits, is naturally occurring, is generated from a trusted source, or is familiar. By contrast, risk is perceived as less acceptable when it is imposed on the affected population, not allowing any choice, is controlled by others, has intangible or deferred benefits, is human-made, generated by an untrusted source, is new or exotic and affects primarily children [5] . For instance, an outbreak of an infectious disease for which there is pre-existing information about its infectiousness and mode of transmission will lead to a lower perception of risk among the public than an outbreak of a disease that is not scientifically understood, even when the known disease poses a greater health threat. In his 1993 book "Responding to Community Outrage" Peter Sandman claims that experts face two core communication tasks in a risk controversy: the need to talk better (e.g., to explain the actual magnitude of the hazard) and the need to listen better (e.g., to acknowledge when the outrage is high and take action to reduce it). Whereas the first task is usually acknowledged by everyone, the second task tends to be ignored rather frequently. According to Sandman, in order to attain the best infectious disease outbreak response, the outrage should be proportional to the hazard; in practice, however, often it is difficult for the public to comprehend and evaluate the threat posed by a disease accurately [6, 7] .
Theoretical Background
All communities need a way to communicate about present, emerging, and evolving risks: public health hazards respect no boundaries in a world where people and disease travel faster and further than at any other time in human history. The International Health Regulations (IHR) have highlighted risk communication as one of the eight core capacities that World Health Organization (WHO) member states need to build and sustain as part of a global agreement to detect and respond to public health threats. In 1992, Covello V. T. defined risk communication as the "process of exchanging information among interested parties about the nature, magnitude, significance, or control of a risk. Interested parties include government agencies, corporations or industry groups, unions, the communications media, scientists, professional organizations, public interest groups, communities, and individual citizens" [8] . Similar definitions have been proposed more recently, which emphasize the importance of risk management (McComas K. A, 2006), the need for dialogue between communicators and stakeholders (Palenchar M. J, 2005) , and the necessity of ongoing risk monitoring (Coombs W. T, 2012) [9] [10] [11] .
Palenchar M.J specifically states that: "communication objectives are not just to gain additional support for the risk-generating organization or allay the concerns of community residents and other involved individuals and parties, but rather a constructive dialogue that legitimately addresses risk assessment, abatement, policy and communication" [10] .
The interest in how risk communication could be most effective has increased over time, with initial questions focused on message creation, and expanding to the way audiences process information and act on it, leading to a deep body of risk communication research.
Fischhoff B. was one of the leading pioneers of risk communication research; his work culminated in the identification of seven evolutionary stages of risk communication and best practices: get the numbers right, tell the public the numbers, explain what the numbers mean, show people they have accepted similar risks before, explain that the benefits of public health measures outweigh their costs, treat people with respect, make people partners with risk communicators [12] .
Since Fischhoff's seminal work, authors have investigated additional factors that can be crucial for effective public risk communication and guidelines have been outlined by leading reference organizations such as the WHO and CDC.The crisis and emergency risk communication model (CERC) of CDC, as well as the WHO best practice guidelines for communicating with the public during an outbreak, suggest that, in managing a public health crisis, public health authorities should focus on effective communication with the population in order to reduce their psychological burden and help making them feel empowered to take the best actions for themselves [1, 13] .
Understanding how people take in information during a crisis is essential for better communication planning. One of the main problems that arise during stressful events is that people cannot fully process information correctly, memory capacity is impaired, and over-elaborate communication can easily be misinterpreted. An important suggestion is, therefore, to deliver simple communication messages [13] .
In public health, the communication process around a crisis involves the collection, processing, and dissemination of information required to address the crisis and is divided into three main phases: pre-crisis, crisis and post-crisis [14] .
In the "crisis" phase, the main processes involve the collection and processing of information for crisis team decision making and the creation and dissemination of crisis messages. During this phase, it can be difficult for health professionals to convince people to do something that seems counterintuitive to them, since people can hold a number of strong but incorrect beliefs. In addition, different experts can offer contrasting views on complex subjects, thus increasing uncertainty, fear and distrust among people which, in turn, can worsen their compliance with control measures. To address this problem, it is essential that messages come from a credible source. Identifying experts and institutions that are highly regarded in the community, and involving them in the decision-making process is a good strategy to ensure that public health actions are more widely accepted, contextually appropriate and that communication is community-owned [13] . A multidisciplinary response team must be clearly identified to take evidence-based decisions, share information and adopt the best counter-measures to the problem. Trust is the foundation of effective communication and can be built through three basic elements: transparency, accountability and listening [1, 13] . Transparency implies that communicators must inform the community-clearly and early on-about what they do and do not know, and about what they are doing. It is essential not to hide relevant information. Accountability implies that communicators demonstrate that they and their managers are responsible for what is being done, said and promised. Finally, listening implies that communicators must show clear awareness of the public's concerns. In practice, this means monitoring the media, and using other methods to understand changing public opinions about the risks posed by an outbreak and the effectiveness of its management.
In addition, in planning a communication strategy during a crisis, public health authorities must take into account that people tend to look for messages to be confirmed before acting on them, and often rely on multiple information sources before making a choice, including social media networks to see what their contacts are saying. Moreover, people tend to turn to a known and credible local leader for advice [15, 16] . All of this makes it even more crucial for healthcare authorities to use consistent messages during a crisis and communicate them as soon as possible. The speed of a response can also be a critical factor in reducing harm in crisis scenarios, making it sometimes necessary that more accurate information be delivered later on [1, 13] .
Based on the above premises, we conducted a study to evaluate the impact of communication measures implemented by local public health authorities during the management of a school tuberculosis outbreak, on perception of risk in the population involved in the outbreak. To this end, we compared the level of risk perception among children's parents and school staff during two different phases of the outbreak: at the time when they first became aware of the outbreak and after communication measures had been implemented. We also aimed to identify individual factors that were related to a change in risk perception between the two phases.
Materials and Methods

Study Setting and Description of the Outbreak
The present study was conducted during a tuberculosis outbreak that occurred in early 2019 in a primary school in north-eastern Italy [17] . The index case of the outbreak, a 10-year-old child, was notified to the local health authorities (LHA) on 5 March 2019. A timely source case investigation was conducted, by testing close contacts, leading to the identification, on 8 March 2019, of the primary case, a schoolteacher in the same school attended by the index case. Thirteen active tuberculosis cases and 50 latent tuberculosis infections (LTBI) were recorded among tested subjects.
Since the local population was not familiar with tuberculosis, due to the low incidence of the disease in Italy (6.5 cases/100,000), and the risk was perceived to be out of a person's control, the outrage related to this event was expected to be high, with the potential to cause a communication crisis scenario.
Response by Local Health Authorities
To respond to the emergency with the greatest possible efficiency, an outbreak management team, coordinated by the Public Health Department of the Local Health Unit was formed, with the support of specialists in pediatrics, microbiology, infectious diseases and radiology. The team took shared decisions, in keeping with national guidelines and international recommendations on tuberculosis [18] [19] [20] . The Department of Infectious Diseases of the Italian National Institute of Health (ISS) was also involved and provided support and technical expertise during each phase of the epidemiological investigation. In total, more than 1100 Mantoux tests were performed: 691 subjects were tested soon after the discovery of the index and primary case, of whom 493 were retested 10 weeks later according to guidelines. The compliance rate to the retesting was 100%, meaning that there were no drop out to the planned follow up. The management of the communication with people and the media represented a challenge in itself.
The communication measures had, on the one hand, to manage the excessive outrage observed, not proportionate to the actual risks, and on the other hand, avoid minimizing a real threat that could have caused many more cases in excess of those already notified.
During the outbreak, LHA received numerous inappropriate requests, including demands to close down the school, perform mass vaccinations, and to exclude children from school solely on the basis of a positive Mantoux test result. This was a clear sign that the outrage level was not proportionate to the level of actual risk and that an ad hoc communication strategy was required. Thus, a communication intervention was developed, based on openness, transparency and wide availability towards the public, in line with the WHO's Outbreak Communication Planning Guide [21] and CDC's CERC model [13] . The intervention included a number of communication activities: two face-to-face meetings were held in the school between task force members and the local population, to provide clear information and to address questions and doubts; press announcements were released every week and after each new diagnosed case, in order to keep the population updated about the progress of the epidemiological investigation underway; a telephone hotline was activated on weekdays from 2.00 pm to 4.00 pm to answer questions by the public (a total of more than 100 calls were managed from 11 March to 10 June 2019); an information desk with trained staff of the Local Health Authority (LHA) was set up on weekdays from 8.00 am to 9.00 am in a dedicated room inside the school, to facilitate access by pupils' parents; and finally, communication via social media, with the sharing of official press releases, was provided through the LHA's official Facebook page. Social media, such as Facebook, allow users to comment onposts. To highlight potential information and communication gaps among the population, the LHA team analyzed and evaluated each comment to official posts on the LHA's Facebook page.
Questions asked by the public included, among other things, the infectiousness of subjects with a positive Mantoux test result and the need for isolation measures, the sanitation of the school building (especially the gym), the risk of infection in places other than the school (e.g., the school bus), the availability of a tuberculosis vaccine.
Population and Study Design
Our study population consisted of school staff and (both) parents of schoolchildren who had initially tested negative to tuberculin (Mantoux) skin testing and who were undergoing retesting 10 weeks later, as per recommended guidelines. Parents of children diagnosed with active or latent tuberculosis at initial testing, and school staff with the same conditions, were excluded from the study. An anonymous questionnaire was administered to study subjects.
The questionnaire included a total of 14 questions, with sections about responders' demographic information, degree of exposure to the primary case and knowledge about tuberculosis. Two questions (numbers 8 and 9 in Tables 1 and 2) investigated the level of perceived risk at two distinct times: when they first became aware of the outbreak (before the intervention by LHA) and the current level, after the intervention by the LHA, hereafter referred as T0 and T1 respectively. Moreover, it investigated if meetings were considered clear enough and, if not, which aspects were found to be unsatisfactory. Furthermore, it investigated the timeliness of the intervention and which were the main sources consulted to gather information about tuberculosis and its possible consequences.
The individual factors that were considered in their relation to a change in risk perception between T0 and T1 were: hours per week the schoolchildren and school staff spent with the primary tuberculosis case, knowledge of tuberculosis as a disease before the event occurred at school, awareness of tuberculosis cases in the province of residence in the past two years, timeliness of the intervention carried out by LHA, usefulness of the intervention in clearly defining the situation, aspects of the tuberculosis outbreak that caused the greatest concern in the subjects (the number of notified cases, the type of disease, the fact the disease happened at school, the fear of being affected, other fears) and which sources of information had been used to find out about the disease and its possible consequences (institutional websites, specialized websites, social networks, TV and newspaper, healthcare staff of the LHA, general practitioner and pediatrician, other healthcare professional, other people).
The complete questionnaire is found in Supplementary S1. Two copies of the questionnaire were distributed to each family and each parent was asked to complete one independently and return it in a closed envelope within three days.
Statistical Analysis
Responses by parents and school staff were stored separately using Microsoft Excel (Microsoft Corporation, Redmond, DC, USA) and analysed with R statistical software (R Development Core Team, Vienna, Austria). A Wilcoxon signed-rank test was used to measure the change in risk perception among parents and school staff, between T0 and after T1 Possible answers about the perceived risk included four ordinal levels: no risk, low, moderate and high risk. We measured the number and the proportion of respondents who reported each of the risk levels, comparing T0 and T1. Moreover, we divided our study population into four subgroups, one for each risk level indicated at T0; then we evaluated the risk perception at T1 for each subgroup.
In order to evaluate the factors related to changes in the perceived level of risk, we carried out a logistic regression analysis, with the creation of the binary variable "post-intervention risk perception" indicating the presence/absence of decreased risk perception after the communication intervention. The variables included in our model were: perceived risk level before the intervention, (reported) usefulness of meetings with the healthcare staff of the Local Health Authority in clearly defining the situation, use of websites, newspapers, television and social networks as primary sources of information on tuberculosis, fear of being infected, hours of exposure to the primary case, age, sex, and level of education. We then stratified by initial perceived risk level. A model restricted to the moderate-high initial perceived risk strata was finally obtained using a stepwise process.
The logistic regression analysis was carried out exclusively among parents due to an insufficient number of school staff to reliably evaluate a possible relationship of the independent variables to the dependent variable "Post-intervention risk perception".
Results
A total of 916 questionnaires were distributed (846 to parents and 70 to school staff), with a response rate of 89.8% among parents (760 completed questionnaires received) and 90,0% among school staff members (63 completed questionnaires). Tables 1 and 2 report the responses given by parents and school staff, respectively, including demographic characteristics. What aspect of the current tuberculosis outbreak caused you the greatest concern?
The number of notified cases 335 44. What aspect of the current tuberculosis outbreak caused you the greatest concern?
The number of notified cases 39 61.9 The type of disease 10 15.9 The fact that it happened at school 16 Over 75% of parents reported that they had knowledge of tuberculosis before the school outbreak, but only 13.8% were aware of the occurrence of cases in their province of residence in the last two years. A similar result was found among school staff, with 87.3% reporting that they knew about TB but only 30.2% were aware of cases in the area in the last two years.
Over 66% of parents and 57.1% of school staff perceived a moderate to high level of risk before the intervention (T0); but only 43.4% and 34.9% respectively did so after the intervention (T1). In particular, the proportion of parents reporting a high level of perceived risk dropped from 32.4% to 11.3% and the proportion of school staff decreased from 23.8% to 7.9%. Thirteen percent of subjects reported no perceived risk at T0, and 25.0% of subjects reported a low level of risk at T1 showed an increase in perceived level of risk at T1 (to a moderate or a high level). The proportion of subjects reporting each of the four levels of perceived risk before (T0) and after (T1) the local health authority intervention is shown in Figure 1 . The variation in perceived risk in each risk subgroup is shown in Figure 2 for the parents and Figure 3 for the school staff. A comparison between risk perception before and after the intervention (Wilcoxon signed-rank test) showed a significant reduction in perceived level of risk in both the parent (p < 0.001) and school staff groups (p < 0.001). The Wilcoxon test results are shown in the supplementary material S2, S3.
Nearly 80% of parents thought the intervention was timely, and 75.3% that the meetings with the healthcare staff of the LHA were useful in clearly defining the situation. These proportions are even higher among school staff: over 90% reported that they considered the intervention by the LHA to be timely and 84.1% that the explanations given were useful.
Among the 176 parents (23.1% of responders) who reported that the intervention by LHA was not useful in clearly defining the situation, a majority motivated their reply by specifying that "conflicting explanations were given" 109 (61.9%). Moreover, 93 (52.8%) reported "the risk was underestimated" and 80 (45.5%) that "communication was not transparent". Similar results emerged from the school staff survey, with 6 of 9 who reported that the intervention was not useful (66.7%) reporting that conflicting explanations were given, 7 of 9 (77.8%) that communication was not transparent, and 22.2% (2 people) that risk was underestimated (more than one answer was possible).
When asked about their greatest concerns regarding the outbreak, 44.7% of parents pointed to the fact that it happened at school and 44.1% to the high number of notified cases. Other major concerns were the fear that their child may be infected (36.2%) and the type of disease (29.3%). Among school staff, the greatest concerns regarded the high number of notified cases of TB (61.9%), the school setting (25.4%), the fear of being affected (22.2%) and the type of disease (15.9%).
Among the information sources used by parents to find out more about the disease and its possible consequences, 52.4% relied on institutional websites (Ministry of Health, Epicentro website of the National Health Institute), 35.5% relied primarily on LHA healthcare staff, 25.3% on general practitioners or paediatricians, 16.7% on television reports and newspaper articles, 15.7% on web searches in specialized sites and 5.8% on social networks. School staff considered the healthcare staff of the LHA as the predominant information source on TB and its possible consequences, followed by general practitioners and paediatricians. A comparison between risk perception before and after the intervention (Wilcoxon signed-rank test) showed a significant reduction in perceived level of risk in both the parent (p < 0.001) and school staff groups (p < 0.001). The Wilcoxon test results are shown in the Supplementary Material S2 and S3.
Among the information sources used by parents to find out more about the disease and its possible consequences, 52.4% relied on institutional websites (Ministry of Health, Epicentro website of the National Health Institute), 35.5% relied primarily on LHA healthcare staff, 25.3% on general practitioners or paediatricians, 16.7% on television reports and newspaper articles, 15.7% on web searches in specialized sites and 5.8% on social networks. School staff considered the healthcare staff of the LHA as the predominant information source on TB and its possible consequences, followed by general practitioners and paediatricians.
To evaluate which of the factors investigated by the questionnaire had a significant influence on the dependent variables "Post-intervention risk perception" among parents who perceived a moderate and high risk at T0, a logistic regression was performed (Table 3) . Among the parents who perceived a moderate and high risk at T0, having perceived the meetings as useful in clearly defining the situation was associated with a reduction in perceived risk at T1 (OR 2.08, CI 1.37, 3.17). Parents' educational level influenced the degree to which perceived risk decreased from T0 to T1 as well: the odds ratio (OR) among the lowest level of education was 0.12 (CI, 0.02,0.6) compared to the group with the highest level of education. Furthermore, using social networks as a major source of information about the disease and its possible consequences was also associated with a reduction in perceived risk at T1, although not reaching statistical significance. Finally, gender was not found to influence the possibility of a reduction in risk perception
Discussion
This study evaluated the impact of a communication strategy implemented during a school tuberculosis outbreak on risk perception by parents and school staff. The intervention aimed to provide effective and useful communication with the public and the media, based on a transparent and open approach, and included the arrangement of organized meetings, a call centre and an information desk. The study also investigated the factors related to changes in level of perceived risk, before and after the intervention. To our knowledge, no similar studies performing this type of direct evaluation have been previously conducted.
Our results suggest that a comprehensive communication strategy by public health services, focused on openness and availability, can help in reducing a population's outrage during a crisis communication scenario.
A significant reduction of perceived risk was observed after the communication intervention, among participants who reported a moderate/high initial level of perceived risk. Moreover, among those reporting a low/absent initial level of perceived risk, the risk level after the intervention did not increase significantly. The reduction in perceived risk reported by participants who found meetings with LHA useful in clearly defining the situation suggests that face-to-face meetings can play an important role in establishing effective communication with the public, allowing for a bidirectional exchange. A communication approach aimed at building credibility and trust, focused on empathy, openness, speed of release and accuracy of information, has been also suggested by the Crisis and Emergency Risk Communication model (CERC) by CDC [13, 22, 23] . A similar communication approach was also implemented in studies carried out during recent Ebola epidemics in central and west Africa [24, 25] .
Our analysis did not specifically investigate the impact of the LHA's Facebook page, but it focused, more generically, on the use of social networks as the main source of information about the disease. However, besides traditional media sources, any news concerning the outbreak was shared in real time on the LHA's official Facebook page, meaning that this was the fastest and most reliable source of information available on the internet. We found an association, at a confidence level of 90%, between use of social media as the main source of information and a reduction in risk perception, although it did not reach statistical significance at a 95% confidence level. These results seem to be in agreement with what has been previously observed on the usefulness of social media by public health authorities in an emergency scenario. A systematic review of literature [26] on social media and outbreaks of emerging infectious diseases has, in fact, shown that social media is an effective mean of communication during outbreaks, especially to deliver essential and updated medical information to the population [15] . Social media have been shown to be instrumental in informing the population about recent emerging infectious disease (EID) outbreaks such as the Ebola outbreak in 2014 and the H1N1 outbreak in 2009 [27] . The WHO itself calls for a more proactive use of social media by public health authorities to share health messages with journalists, physicians, and the general public, especially for their potential effectiveness in countering misinformation about EID [28] .
The fact that the vast majority of study participants (nearly 80% of parents and over 90% of school staff) reported that the communication measures by the LHA had been implemented in a timely manner can be seen as a further sign of the positive impact the intervention had on the population.
Despite the overall reduction in risk perception achieved, 23% of parents reported that the two face-to-face meetings had not been useful in clearly defining the situation. A possible explanation for this lies in the fact that, during the first meeting, LHA staff placed much emphasis on the relatively low infectiousness of children with active tuberculosis. Following this meeting, the number of cases identified in the contact investigation had increased, possibly leading to the perception that the previous communication had been misleading.
Although the school setting is far from being a risk-free environment, especially because of the closeness of contacts between numerous individuals in restricted spaces and the lengthy exposure time, risk perception by the population is generally that of a relatively safe environment. Our results show that the setting and the high number of cases were the main causes of parental concern, suggesting that the risk of occurrence of such an outbreak was considered substantially irrelevant prior to this event.
This study involved a large sample, representative of the outbreak event studied, and a high response rate was achieved. A close deadline was given to complete the questionnaire, making it unlikely that participants were influenced by the responses given by the other participants. All questionnaires were collected and elaborated maintaining anonymity of study participants, increasing the likelihood that responses were truthful.
The main limitation of this study consists in possible confounding factors in the relationship between the reduction of perceived risk among study participants and the public health intervention. It is possible that the reduction in perceived risk observed was influenced by different factors other than the public health intervention itself. For instance, between T0 and T1 all school children that had been in contact with the primary case had received a first Mantoux test and the vast majority had a negative result. This in itself may have led to lowering the perceived risk in some participants. Moreover, between the two moments, all children and staff with active TB were no longer attending the school, eliminating a possible outrage factor.
Another main limitation is that the questionnaire was administered at a single moment in time (T1) so the perceived risk at T0 was evaluated only retrospectively. This could make its report prone to recall bias. However, T0 was defined as the moment parents and school staff first learned of the outbreak, a specific moment whose emotional impact is not easy to forget. This study highlights the importance for health authorities to acquire knowledge about risk perception among the population during an epidemic event and, therefore, to assess the population outrage, so as to design a more effective public health response [29, 30] .
In particular, it suggests that explaining the actual threat to the population and adapting communication strategies to different listening skills is essential for a successful public health intervention, as also pointed out by the European Centre for Disease Prevention and Control (ECDC) in a literature review on effective risk communication for the prevention and control of communicable diseases [31] . Our finding that the implemented communication initiatives were less effective in individuals with a lower education level deserves to be investigated further, to enable policy makers and public health experts to better design more targeted measures.
Conclusions
Ours findings suggest that a comprehensive communication strategy by public health services, focused on openness and availability, can help in reducing a population's risk perception during a major public health emergency with high public outrage potential.
Explaining the actual threat to the population and adapting communication strategies to different listening skills, seems essential for health authorities to successfully manage a public health emergency. In particular, allowing for a bidirectional exchange, as can be done through phone calls and direct meetings, can play an important role in establishing effective communication with the public during a major public health crisis. Further studies may strengthen our findings and help to better delineate effective communication measures to deal with public outrage during major public health emergencies.
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